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Abstract: High rate ponds are wastewater treatment systems that combine heterotrophic 
bacteria and microalgae communities in a symbiosis relation, which triggers a series of 
reactions that eliminates pollutants from the water. Moreover, during the last decade, there 
has been a growing interest in investigating the energy potential of biofuels obtained from 
microalgae cultures. The high lipid content of microalgae makes them an alternative to 
terrestrial energy crops for biodiesel production.  A major drawback of microalgae anaerobic 
digestion is the hydrolysis of cell walls. The aim of this project is to study the potential of high 
rate ponds for wastewater treatment, biomass and biogas production and finally evaluate the 
technology as a new energy source. 
 
High rate ponds are extensive natural wastewater treatment systems where heterotrophic 
bacteria and microalgae communities grow in a symbiotic relation. Algae photosynthetic 
activity produces the oxygen necessary for organic matter degradation by aerobic bacteria, 
which generates carbon dioxide used by the microalgae communities for photosynthesis. In 
this way, algae biomass growth also contributes to the reduction of greenhouse gases 
emissions, since the inorganic carbon used for photosynthesis is mostly atmospheric. 
Therefore, the system is a carbon dioxide gas sink.  
Regarding the wastewater treatment, high rate ponds are secondary treatment systems, since 
aerobic bacteria oxidize the organic matter. Moreover, the system is efficient in elimination of 
nutrient by microalgae biomass assimilation. For this reason, an important issue is the 
effective separation between algae biomass and treated effluent.  
During the last decade, there has been a growing interest in investigating the energy potential 
of biofuels obtained from microalgae cultures. The high lipid content of microalgae makes 
them an alternative to terrestrial energy crops for biodiesel production. However, this 
technology is still at an initial research phase. According to the literature, the cultivation of 
microalgae in photobioreactors to produce biofuels has a number of requirements that may 
limit its implementation at industrial scale.  
Anaerobic digestion of microalgae was first studied in the 1950s by Oswald and Golueke in 
California, USA. These authors used algae biomass from high rate ponds, pointing out 
biomass separation from the liquor as a major limitation of the process. Up to date, the 
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literature on microalgae digestion is very limited compared to other substrates like sewage 
sludge. However, it is known that a major drawback of microalgae anaerobic digestion is the 
hydrolysis of cell walls. 
The pre-treatment of substrates to increase the anaerobic biodegradability has been the subject 
of intense research in recent years. Chemical, thermal and mechanical processes (i.e. 
ultrasounds and microwave) have proven successful at improving the disintegration and 
anaerobic biodegradability of sludge [2]. Moreover, positive energy balances of these 
processes have been reported. 
The electromagnetic radiation of microwaves has been investigated as sludge pretreatment 
process [3]. This pretreatment condition can result in changes in the secondary and tertiary 
structure of proteins and accelerate cell hydrolysis. Microwave thermal effect was studied 
previously, concluding that the microwave pretreatment increased cell disruption and biogas 
production compared to conventional thermal pretreatments [1]. Cell hydrolysis is caused by 
the polarization of macromolecules sidechains, which align in direction with the electric field, 
influenced by microwave frequency, radiation time, concentration and penetration depth [3]. 
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